In this study, we systematically explored the clinical manifestations, diagnosis, treatment, and prognosis of renal epithelioid angiomyolipoma (EAML) retrospectively by analyzing data of 52 patients diagnosed with EAML at four centers. Our results showed that the onset of EAML was usually inconspicuous, and so no obvious symptoms or signs had occurred in most patients at diagnosis. Its diagnoses always depended on postoperative pathological examination. The immunohistochemical (IHC) results [HMB45 ( + ), cytokeratin (-), and S100 (-)] could be used to differentiate EAML from other malignancies such as renal cell cancer (RCC) and sarcomas. For treatment, surgery resulted in satisfactory short-term prognosis. The long-term prognosis of patients with EAML was poor, particularly when a large size, a high percentage of epithelioid component, tumor thrombus formation, and necrosis were present. In conclusion, EAML is a tumor with malignant potential. Once diagnosed, integrated approaches, including surgery, chemotherapy, and targeted therapy, should be considered; a close follow-up regimen is necessary for cases that met: 1) tumor size >9 cm, 2) tumor thrombus formation in the vein, 3) epithelioid cells >70% or atypia cells >60%, and 4) necrosis.
Renal angiomyolipoma (AML) is one of the most common renal benign tumors, and originates from mesenchymal tissue. Epidemiological studies have revealed that it accounts for approximately 1% of all renal tumors. According to the classification of tumors by the WHO in 2004 1 there are two types of renal AML: classical and epithelioid. The former is a benign tumor that is composed of different proportions of mature abnormal thick-walled blood vessels, fusiform or epithelioid smooth muscle cells, and adipose tissue. EAML, or monotypic EAML, especially for those with atypia epithelioid cells 2 has malignant potential, and is mainly composed of a large number of hyperplastic epithelioid cells arranged in sheets; the proportion of mature fat cells tends to be <5% 3, 4 . EAML can be one part of classical AML, or a single tumor element.
However, most studies assessing malignant EAML are case reports or analyses 5, 6 ; therefore, current understanding of its clinical and pathological characteristics is insufficient. Whether EAML is benign or malignant is controversial, and WHO has not yet commented on whether malignant AML truly exists. Nevertheless, some recent reports raised the concept of malignant EAML because of the histological variability, atypia, and some cases with invasive growth patterns and fatal outcomes.
In the present study, we analyzed the clinical data of 52 patients with atypical EAML who were diagnosed at four centers and performed a literature review to systematically clarify the clinical manifestation, diagnosis, treatment, and prognosis.
Material and methods
All candidates came from 4 large hospitals in the west of China. Retrospectively, a search with the key words "EAML" (using Chinese) was made in pathology database of each center. The hospitalization and re-examination records of all eligible patients were then reviewed, including clinical features, imaging, type of treatment, and so on. Their paraffin-embedded tissue slides were centralized to the West China Hospital and a central pathological review was conducted by 3 independent pathologists by microscopes (YJ, XH, and SHX). All the paraffin-embedded tissues came from post-operative specimens. The percentage of the epithelioid cells was estimated visually occupying the total tumor areas of the slides and the percentage of the atypia epithelioid cells was estimated visually occupying the total number of epithelioid cells 7 . EAML was defined as polygonal cells with clear to eosinophilic cytoplasm and round to oval nuclei 8 . Atypical EAML was defined as the epithelioid cells with abundant cytoplasm, vesicular nuclei, prominent nucleoli, and nuclear size that exceeds 2 times the size of adjacent nuclei. The degree of nuclear atypia was graded to low, moderate and severe referring to the definition of Fadi et al. 7 . Any disagreements were solved through majority voting within the pathological review group. The Follow-up data were achieved by making phone calls or in out-patient department of urology.
Finally, 52 atypical EAML patients were retrieved: the West China Hospital(n = 26), the Sichuan Provincial Cancer Hospital(n = 12), the First Hospital of Guangxi Medical University (n = 10), and the First Affiliated Hospital of Chengdu Medical College(n = 4). 30 patients were male and 22 were female, with a mean age of 39.2 (21-61) years. Twenty-eight tumors involved the left kidney and 24 involved the right kidney. The study was approved by the Ethics Committee of West China Hospital and the methods were carried out in accordance with the approved guidelines. Oral informed consent was obtained for reviewing their pathological specimens when made phone calls or re-examination with each patient. Then, we extracted and analyzed data from the patients' medical records, postoperative pathological results, and re-examined radiology results [chest X-ray, abdominal computed tomography (CT), and ultrasound] from the inpatient database. Patient survival status was determined by making phone calls. The "Progressors" EAML were defined as the existence of progression, including local recurrence, distal metastasis, and death due to disease. SPSS 13.0 was used for statistics. Discrete variables and continuous variables were compared with the Chi-Square and t test, respectively.
Results
Of the 52 patients enrolled, we were unable to determine the survival status of 9: five did not provide or provided unavailable phone numbers, and four didn't want to cooperate. Finally, we obtained the complete clinical data of 43 patients (83%), with a mean follow-up duration of 44.3 (4-71) months. The clinical data of follow-up patients in details were summarized in Table 1 . The compare of pathologic features between progressors and non-progressors EAML was shown at Table 2 .
When the surgical treatment of the 43 cases in the present study are summarized, 12 underwent radical nephrectomy, 30 used nephron-sparing surgery, and one underwent radical nephrectomy with the removal of the tumor thrombus in postcava. After follow-up of approximate 4 years, one patient underwent radical nephrectomy and one underwent nephron-sparing surgery suffered metastasis or recurrence; all other patients, including one with liver metastasis at baseline were alive. AML specimens from 43 patients were stratified into 3 groups based on the percentage of epithelioid/atypia epithelioid cells. Among the six cases with >90% epithelioid cells, three showed obvious focal necrosis and hemorrhage. The tumor cells showed different degrees of polymorphy, with irregular shape that differed from the epithelioid or classical AML. Mitotic figures were readily identified and karyolobism could be seen.
Among these three, two had renal hilum and para-aortic lymph node metastasis at diagnosis. During the follow-up, one of the two patients with lymph node metastasis was diagnosed with hepatic and lung metastasis 12 months postoperatively, and died 17 months later (Fig. 1) ; one patient with renal hilus node metastasis at diagnosis suffered local recurrence 10 months postoperatively and died from serious cancer cachexia 4 months later (Fig. 2) ; the third case ( Fig. 3 ) and all the others did not suffer any signs of progression and live well.
Discussion
Although some researchers still consider renal AML to be a hamartoma, a tumor-like malformation formed by aberrantly assembled normal renal tissues, many studies have unequivocally demonstrated that it is a tumor. Paradis et al. 9 and Green et al. 10 revealed its clonal origination by revealing that chromosome X was inactivated randomly. Kattar et al. 11 reported gene deficiencies in chromosome band 16p13 and clonal chromosomal aberrations in other specified locations. Therefore, the latest WHO classification of diseases in 2004 announced that the renal AML was tumor. It also defined EAML as a potentially malignant mesenchymal neoplasm characterized by the proliferation of predominantly epithelioid cells. However, no previous studies have defined clear lower limit of epithelioid cells' percentage of EAML, which could be called a "real" EAML. Some used the phrase "predominantly" or "mostly" [12] [13] [14] [15] [16] , and others used "pure" 17 . In the present study, the cases included were stratified into 3 groups based on proportion of epithelioid/atypical epithelioid cells that were present. Herein, we attempted to 1)systematically clarify the clinical manifestation, diagnosis, treatment, and prognosis; 2)unfolded the potiential Table 1 . Clinical data of follow-up patients diagnosed with EAML (n = 43).
$ HMB-45 is a monoclonal antibody that reacts against an antigen present in melanocytic tumors such as melanomas, and means Human Melanoma Black.
& KI-67 is a nuclear protein that is associated with and may be necessary for cellular proliferation.
※ S100 is a kind of melanoma marker.
50%-60% had concomitant bleeding. Of the 43 cases in this study, 8 visited physicians because of significant symptoms or signs: 6 with backache, and 2 with hematuria. All of these four tumors were larger than 5 cm. One hematuria case and one backache case were proved to be malignant. These data suggest that the larger the lesion is, the greater the probability of clinical symptoms. Based on our intraoperative findings and postoperative pathological reports, almost all EAMLs had an abundant blood supply. The blood vessels supplying the tumors often communicated with the vessels supplying the adrenal gland, urinary duct, or diaphragm, and were usually tortuous with a missing internal elastic membrane. This phenomenon might explain why most cases had different levels of localized hemorrhagic necrosis, which is consistent with the results of Yamakado et al. 19 . Table 2 . The compare of pathologic features between Non-progressors and Progressors. ※ Chi-Square test was used for Ratio of male/female; t test were used for the others. Diagnosis. Making a preoperative diagnosis for EAML is challenging for several reasons; therefore, it is often misdiagnosed as RCC. This is in part because EAML also has an insidious onset, and no specific clinical manifestation. In addition, imaging examination techniques such as CT and MRI are sensitive to adipose tissue, and the amount of adipose tissue in EAML is <5% 3, 4 . Therefore, its diagnosis often depends on postoperative pathological examinations when epithelioid cells are detected. Nevertheless, the application of Doppler ultrasound or CT can pick up incidental tumours in asymptomatic patients. Previous studies 20, 21 demonstrated that EAML was positive for melanoma cell markers (such as HMB45) and smooth muscle cell markers, but negative for epithelial cell markers. Pea et al. 18 and L'Hostis et al. 22 reported four cases of EAML: three were diagnosed with RCC and one with classical AML preoperatively. However, all cases were diagnosed as EAML based on postoperative HMB45 expression and pathological results.
Under a microscope, epithelioid cells from the 43 cases in the present study were irregular polygon shaped, with enlarged pleomorphic nuclei in the mitotic phase and cytoplasm enriched with eosinophil granules. In addition, IHC results revealed that all 43 cases were HMB45-positive. However, other malignancies such as RCC and sarcomas do not express HMB-45. Ooi et al. 23 demonstrated that because Ki-67 is involved in cell proliferation, it could serve as an antigen to indicate the cell proliferation status during the diagnosis of EAML. However, the present study revealed that Ki-67 had a low diagnostic sensitivity because only 10 of 43 cases were positive for Ki-67, and approximately 2-10% cells were stained. Other markers such as cytokeratin and S100 were usually negative. So, the differential expression of HMB-45, cytokeratin and S100 can be used to differentiate EAML from RCC and metastatic melanoma 5 .
Treatment. To date, no approaches are more effective than surgery for EAML; however, surgery is commonly insufficient. Many previous studies 20, [24] [25] [26] [27] [28] 34 have reported that local recurrence or distant metastasis generally occur 1.5-9 years postoperatively. Zomboni et al. 29 reported that EAML belonged to a family of perivascular epithelioid cell tumors (PEComa), similar to lymphagioleiomyomas and clear cell "sugar" tumors of the lung and pancreas. Therefore, EAML might be sensitive to chemotherapy, similar to the other two tumor types. Cibas et al. 30 and Park et al. 12 used doxorubicin, cyclophosphamide, and cisplatin to treat EAML, and they found that the tumors were responsive. However, long-term follow-up observation was needed to confirm their effects. Heidi et al. 31 studied 15 cases of PEComa, and found that the mammal rapamycin (mTOR) cascade was always activated, which is related to tumor growth and development. This suggests that patients might benefit from mTOR inhibitors and that further studies should be performed urgently.
Based on the current cohort, we believed that nephron-sparing nephrectomy was safe for patients without lymph node metastasis and tumor thrombus formation; nevertheless, long-term survival requires the support of long-term follow-up data. Multiple therapies, including surgery, chemotherapy, and molecular-targeted drugs, might be beneficial for long-term patient survival.
Prognosis. Previous data revealed that patients with EAML had poor prognosis. After Martignoni et al. 31 first reported fatal cases of EAML in 1994, many case reports 20, [24] [25] [26] [27] [28] 34 demonstrated that EAML had malignant potential and might cause patient mortality. Distant metastases were found in different organs 1.5-9 years postoperatively, as confirmed by biopsy or autopsy, and most patients died within 1 year of metastasis [24] [25] [26] [27] [28] . Tsai et al. 33 reported that at least 30% of EAML patients would progress to typical malignant EAML. Vaema et al. 34 performed a systematic review of 10 previously published case studies and, regardless of potential publication bias, they found that most patients died from tumor progression, and many included liver and lung metastasis. Nevertheless, the biological behavior of EAML remains controversial. According to the WHO definition in 2004, EAML are tumors with malignant potential. To predict patient prognosis earlier, some recent studies introduced prediction models for malignant EAML after studying a large number of samples. Fadi et al. 7 first defined atypical epithelioid cells (AECs). They then summarized 40 cases of atypical EAML, and presented a prediction model for malignant EAML as follows: 1) percentage of AEC ≥70% EC, 2) ≥2 mitotic figures per 10 high power fields (HPF), 3) atypical mitotic figures, and 4) necrosis. The model focused on the pathological features of the AEC nuclei and 78% of EAML cases who finally occurred recurrence or metastasis were involved. Therefore, the model had a high reference value. Nese et al. 17 summarized 41 cases of "pure" EAML (epithelioid cells accounted for almost 100% of the tumor). They reported that the following five characteristics were related to tumor progression: 1) tuberous sclerosis complications, 2) tumor size >7 cm, 3) involvement of the perirenal and/or renal vein, 4) a carcinoma-like growth pattern, and 5) necrosis. After their follow-up, tumor progression was seen all in tumors that fulfilled more than four of these five characteristics. The model by Nese et al., which places emphasis on general features, seems to have more accurate predictive power than the model by Fadi et al. However, it must be considered that Nese's model was based on "pure" EAML. Therefore, the percentage of epithelioid cells might be associated with tumor progression and a higher probability that all five characteristics would occur. Faraji et al. 35 also found that tumors with cytological atypia and tumor necrosis showed an unfavorable outcome.
Our study demonstrated that, after a follow-up of 44.3 months, only 2 patients with node metastases and embolus formation suffered recurrence or metastasis and died finally. The two fatal cases were consistent with the results of previous fatal cases 32 in which liver, lung, or bone metastases occurred frequently. The remaining 41 patients, including one patient with liver or bowel metastasis before the surgery, survived. When the 3 progressors were compared with non-progressors (Table 2) , it was obvious that the fatal case had a significantly higher percentage of epithelioid cells, percentage of atypia cells, and Max diameter. This may enhance the concept that a higher percentage of epithelioid cells facilitates tumor progression. The multi-center study performed by Nese et al. 17 , which included 41 "pure" EAML cases, revealed recurrence or metastasis in 50% of patients, and 30% eventually died from their disease. One explanation for the low percentage of progression in this 43 cohort might be the low percentage of epithelial cells (mean: 43.8 ± 22.2). Another explanation could be the limitation of the present study of a relatively short follow-up period, because a previous case 34 did not exhibit distant metastasis until after 9 years of follow-up. In the present study, the three progressors cases met the following characteristics concerning to general and pathological features: 1) tumor size >9 cm, 2) tumor thrombus formation in the vein, 3) epithelioid cells >70% or atypia cells >60%, and 4) necrosis. A lesion that met 3 or more of the above features predicted increased risk of malignant behavior and should clinically be closely followed.
Limitations. Given the rare nature of the disease, prospective research design was difficult to conduct.
This was the inherent limitation of the study. For this reason, we included patients' cohort from different hospitals retrospectively. Also, the proper option of surgical method (eg. radical or nephron-sparing nephrectomy) was not available. We couldn't establish uniform criterion for surgical extirpation; the histopathology of these lesions was mostly determined postoperatively. Therefore, more convincing data from prospective, multicenter, cohort study may reveal the effect of surgical method to prognosis.
Conclusions
EAML is a tumor with potential malignancy. Once diagnosed, particularly when a tumor met the above characteristics like the three malignant cases, active treatment, including radical nephrectomy, chemotherapy, and molecular-targeted drugs should be considered and patients should be closely followed.
